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(54) Trench MOS device and termination structure 



(57) A termination structure for power trench MOS 
devices is disclosed. The MOS devices can be Schottky 
diode, IGBT or DMOS depending on what kinds of the 
semiconductor substrate are prepared. The termination 
structure comprises: a semiconductor substrate having 
a trench formed therein; a MOS gate as a spacer formed 
on a sidewall of the trench; a termination structure oxide 
layer formed in the trench to cover a portion of the spac- 
er and to cover a bottom of the trench; and a first elec- 



trode and a second electrode are, respectively, formed 
on a bottom surface and upper surface of the semicon- 
ductor substrate. The trench is formed from a boundary 
of the active region to an end of the semiconductor sub- 
strate. The trench MOS devices are formed in the active 
region. In addition for IGBT and DMOS, the second elec- 
trode is isolated from MOS gate by an oxide layer; how- 
ever, for Schottky diode, the second electrode is direct- 
ed contact to the MOS gate. 
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Description 

Field of the invention 

[0001] The present invention is related to a semicon- 
ductor device, specifically, to a novel termination struc- 
ture for trench MOS devices so as to prevent leakage 
current. 



Background of the Invention 

[0002] Doubled diffused metal-oxide-semiconductor 
field effect transistor (DMOSFET), insulated gate bipo- 
lar transistor (IGBT), and Schottky diode are important 
power devices and use extensively as output rectifiers 
in switching-mode power supplies and in other high- 
speed power switching applications. For example, the 
applications include motor drives, switching of commu- 
nication device, industry automation and electronic au- 
tomation. The power devices are usually required car- 
rying large forward current, high reverse-biased block- 
ing voltage, such as above 30 volt, and minimizing the 
reverse-biased leakage current. There are several re- 
ports that trench DMOS, trench IGBT and trench 
Schottky diode are superior to those of with planar struc- 
ture. 

[0003] For power transistors are concerned, apart 
from the device in the active region for carrying large 
current, there is still required a termination structure de- 
sign in the periphery of the active region usually at an 
end of a die so as to prevent voltage breakdown phe- 
nomena from premature. Conventional termination 
structures include local oxidation of silicon (LOCOS), 
field plate, guard ring, or the combination thereof. The 
LOCOS is generally known to have bird beak character- 
istic. In the bird beak, electric field crowding phenomena 
is readily to occur, which is due to high impact ionization 
rate. As a result, leakage current is increased and elec- 
trical properties of the active region are deteriorated. 
[0004] For example, please refer to FIG.1 , a semicon- 
ductor substrate with trench MOS structure for Schottky 
diodes, and a trench termination structure formed there- 
in. The substrate is a heavily doped n+ substrate 10 and 
an epitaxial layer 20 formed thereon. A plurality of trench 
MOS 15 formed in the epitaxial layer 20. The trench 
MOS devices including epitaxial layer 20/gate oxide lay- 
er 25/ polysilicon layer 30 are formed in the active region 
5. The boundary of the active region 5 to the edge of the 
die is a LOCOS region of about 6000A in thick formed 
by conventional method. 

[0005] For the purpose of lessening the electric field 
crowding issue, a p+-doping region 50 beneath LOCOS 
region is formed through ion implantation. The p+-dop- 
ing region 50 is as a guard ring for reverse-biased block- 
ing voltage enhancement. The anode (a metal layer) 55 
is formed on the active region 5 and extends over p+ 
doping region 50 of LOCOS region. The object is to 
make the bending region of the depletion boundary far 



away from the active region 5. Although guard ring 50 
can alleviate the electrical field crowding and relax the 
bending magnitude occurred near the active region, the 
adjacent region between p+ region 50 and beneath the 

5 bottom of the trench MOS device, as arrow indicated 
denoted by 60, is not a smooth curve. It will increase the 
leakage current and decrease the reverse-biased block- 
ing capability. A similar situation occurred for field plate 
combines with guard ring. Furthermore, aforementioned 

10 prior art demanded more photo masks (at least four) to 
fabricate, and the processes are rather complicated. 
Still high cost for forming such structure is another infe- 
rior. 

[0006] As forgoing several conventional termination 
15 structures can not solve the problems thoroughly. An ob- 
ject of the present invention thus proposes a novel ter- 
mination structure. The new termination structure made 
the bending region of the depletion region far away from 
the active region, and depletion boundary is flatter than 
20 forgoing prior art. The manufacturing method provided 
by the present invention is even simpler than those prior 
arts. Since the termination structure and trench are 
formed simultaneously, it requires only three photo 
masks, low complicated processes and low cost. 

25 

Summary of the Invention 

[0007] The present invention discloses a novel termi- 
nation structure, which can be formed with trench MOS 

30 devices simultaneously. The MOS devices can be 
Schottky diode, DMOS or IGBT depending on what 
kinds of the semiconductor substrate are prepared. The 
termination structure and trench MOS devices compris- 
ing: a semiconductor substrate having a plurality of first 

35 trenches spaced each other and formed in an active re- 
gion and having a second trench formed from a bound- 
ary of the active region to an end of the semiconductor 
substrate; a first-type MOS gate formed in each of the 
first trenches, and a second MOS gate as a spacer 

40 formed on a sidewall of the second trench; a termination 
structure oxide layer formed in the second trench to cov- 
er a portion of the spacer and to cover a bottom of the 
second trench; and a first electrode and a second elec- 
trode are, respectively, formed on a bottom surface and 

45 upper surface of the semiconductor substrate. The sec- 
ond electrode is located to cover the region from the ac- 
tive region through the spacer to a portion of the termi- 
nation structure oxide layer so that a bending portion of 
the depletion region are distant from the active region. 

50 

Brief Description of the Drawings 

[0008] The foregoing aspects and many of the attend- 
ant advantages of this invention will become more read- 
55 iiy appreciated as the same becomes better understood 
by reference to the following detailed description, when 
taken in conjunction with the accompanying drawings, 
wherein: 
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FIG. 1 is a conventional trench Schottky diode de- 
vices and LOCOS plus guard ring as a termination 
structure. 

FIG. 2 is a cross-sectional view of forming first 
trenches and second trench in a semiconductor 5 
substrate in accordance with the present invention. 
FIG. 3 is a cross-sectional view of refilling the first 
trenches and the second trench with a first conduc- 
tive material in accordance with the present inven- 
tion. 10 
FIG. 4 is a cross-sectional view of defining termina- 
tion structure oxide layer to expose active region 
and spacer in accordance with the present inven- 
tion. 

FIG. 5A is a cross-sectional view of forming anode *5 
electrode and cathode electrode on both side of the 
semiconductor substrate so that Schottky diode 
and the termination structure are finished in accord- 
ance with the present invention. 

FIG. 5B shows simulation results of equipotential 20 
lines and lines of electric force by using Schottky 
diode and the termination structure of the present 
invention. 

FIG. 5C shows simulation results of leakage current 
of trench Schottky diode with and without the termi- 25 
nation structure of the present invention. 
FIG. 6 is a cross-sectional view of semiconductor 
substrate prepared for DMOS device and termina- 
tion structure in accordance with the present inven- 
tion. 30 
FIG. 7 is a cross-sectional view of etching back first 
conductive layer and then performing a high tem- 
perature thermal oxidation process to form inter- 
conductive oxide layer in accordance with the 
present invention. 35 
FIG. 8 is a cross-sectional view of defining termina- 
tion structure oxide layer to expose active region 
and spacer in accordance with the present inven- 
tion. 

FIG. 9 is a cross-sectional view of forming source 4 o 
electrode and drain electrode on both side of the 
semiconductor substrate so that DMOS device and 
the termination structure are finished in accordance 
with the present invention. 

FIG. 10 is a cross-sectional view of semiconductor 45 
substrate prepared for IGBT and termination struc- 
ture in accordance with the present invention. 
FIG. 11 is a cross-sectional view of defining termi- 
nation structure oxide layer to expose active region 
and spacer in accordance with the present inven- 50 
tion. 

FIG. 12 is a cross-sectional view of forming emitter 
electrode and collector electrode on both side of the 
semiconductor substrate so that IGBT and the ter- 
mination structure are finished in accordance with 55 
the present invention. 



Detailed Description of the Preferred Embodiment 

[0009] As depicted in the forgoing background of the 
invention, the conventional termination structure includ- 
ing local oxidation, electric field plate, guard ring, or the 
combination thereof, all of them do not solve completely 
the electric field crowding issues. The field crowding 
may still occur at different positions, depending on the 
design difference. The present invention proposes a 
novel trench termination structure and a method to 
make them. The novel trench termination structure is to 
overcome problems of electric field crowding issues. 
The newly trench termination provides a flat depletion 
boundary, and the bending region thereof is far away 
from the active region while encountered a reverse-bias 
voltage. Consequently, the novel termination structure 
can prevent breakdown phenomena from being oc- 
curred prematurely. 

[0010] Moreover, the newly termination structure can 
be applied to any power transistors such as Schottky 
rectifier, DMOS, IGBT etc.. The most important fact is 
the trench MOS devices can be formed with the trench 
termination structure simultaneously. 
[001 1 ] Several exemplified embodiments will be suc- 
cessively illustrated. 

[0012] The first preferred embodiment is to illustrate 
the method of forming trench termination structure and 
the Schottky diode simultaneously. 
[0013] Please refer to FIG.2, a cross-sectional view 
shows a semiconductor substrate 100 comprised a first 
layer 100A having a first kind of conductive impurity 
doped (for example type n) and a base substrate 100B 
having a first kind of conductive impurity heavily doped 
(for example n+). First layer 100A is formed epitaxially 
on the base substrate 100B for forming Schottky contact 
and the base substrate is for forming ohmic contact 
while metal layers are formed thereon. 
[0014] An oxide layer 101 is then formed on the first 
substrate 1 00A by CVD to about 2000 A- 1 0000 A. Next, 
a photoresist (not shown) is coated on the oxide layer 
101 to define a plurality of first trenches 110 and a sec- 
ond trench 120. Each of the first trenches 110 is about 
0.2-2.0 urn in width from cross-sectional view formed in 
the active region. The second trench 120 is spaced by 
a mesa 115 to the first trench 110 and formed from the 
boundary of the active region to an end of a semicon- 
ductor substrate 100 (or a die). The second trench 120 
is to make depletion boundary flat and prevent electric 
field crowding. 

[0015] Referring to FIG.3, after oxide layer 101 re- 
moval, a high temperature oxidation process to form 
gate oxide layer 1 25 is performed. The gate oxide layer 
125 with a thickness between about 150 A to 3000 A is 
formed on the sidewalls 110A, 120A, bottoms 110B, 
120B of the first and second trench 110, 120, and the 
mesa surface 115A. Alternatively, the gate oxide layer 
125 can be formed by high temperature deposition to 
form HTO (high temperature oxide deposition) layer. 
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[0016] Subsequently, a first conductive layer 140 is 
formed by CVD on the gate oxide 125 and refilled the 
first trench 110 and the second trench 120, and at least 
with a height higher than the mesa 11 5. The first conduc- 
tive layer 140 is also formed on the backside of the sem- 
iconductor substrate 1 00E due to the CVD process. The 
first conductive layer is material selected from the group 
consisting of metal, polysilicon and amorphous silicon. 
Preferably, the first conductive layer 140 is about 0.5 to 
3.0 urn. For preventing inner portion of first trench from 
forming voids therein, the polysilicon layer formed by 
LPCVD (low pressure CVD) which has good step cov- 
erage is preferred as the material of the first layer 140. 
However if the aspect ratio of first trench 110 over 5, 
amorphous silicon by PECVD would be preferred. The 
amorphous silicon has better gap filled characteristic 
than polysilicon. Surely, to make it with conductive prop- 
erties, an amorphous silicon recrystallized process is 
needed. 

[0017] Please refer to FIG. 4. an anisotropic etching 
is done to remove the excess first conductive layer 140 
above the mesa surface 1 1 5A using the gate oxide layer 
125 on the mesa 115 as an etching stop layer. After this 
process, a spacer 122 having a width (along cross-sec- 
tional view) about the same as the height of the second 
trench is formed on the sidewall 125A of the second 
trench 120. 

[0018] Thereafter, a dielectric layer 150 for termina- 
tion structure is formed. The dielectric layer is a TEOS 
layer either LPTEOS or PETEOS or 0 3 - TEOS or HTO 
layer. The dielectric layer 1 50 is between about 0.2-1 .0 
um. 

[0019] Next, a photoresist pattern 1 55 is coated on the 
dielectric layer 150 so as to define ranges of Schottky 
contacts. And then a dry etching using photoresist pat- 
tern 155 as a mask is carried out to expose mesa sur- 
face 11 5A and first conductive layer 140 of the first 
trench 110. 

[0020] Turning to FIG. 5 after stripping the photoresist 
pattern 155, a backside unwanted layer removal is im- 
plemented to expose surface of the base substrate 
100B. The unwanted layers are those layers formed on 
the backside of semiconductor substrate due to thermal 
oxidation process or CVD process for fabricating devic- 
es in the active region, including dielectric layer 1 50, first 
conductive layer 140, and gate oxide layer 125. 
[0021] Thereafter, a sputtering process is performed 
to deposit second conductive layer so as to form 
Schottky contact regions 115 between second conduc- 
tive layer and the first substrate 1 00A and to form cath- 
ode 160, which is an ohmic contact between second 
conductive layer and the second substrate 100B. Final- 
ly, a photoresist pattern 165 is formed on the second 
conductive layer to define anode electrode 160A. In a 
preferred embodiment, the anode 160A is formed from 
active region extending to the second trench 120 and at 
least to a region away from the active region by 2.0 um. 
So the bending region of the depletion region is able to 



be far away from the active region. 
[0022] FIG. 5B shows one of the electric properties of 
the trench MOS termination structure (shown in FIG. 
5A). To simulate the reverse bias, for example, Schottky 

5 diode is exerted by a reverse bias. Hence, the cathode 
160 has, for example, 100 Volt and anode 183 has 0 
Volt. The numeral 1 80 denotes equipotential lines. In the 
figure, the voltages burdened by the equipotential lines 
from bottom to up are gradually decreased. The lines 

10 perpendicular to the equipotential lines 180 represent 
lines of electrical force. As shown in the figure, leakage 
current only generates in the active region and almost 
none in the depletion region under termination region. 
Moreover, the boundary of depletion region, denoted by 

15 label 1 80A, gives flat characteristic, and thus the voltage 
breakdown premature would not occur. It gives only a 
little bit of leakage current. 

[0023] FIG.5C shows a comparison for reversed cur- 
rent curves of the trench MOS structure without termi- 

20 nation structure 195 and with the termination structure 
190 in accordance with the present invention. The ter- 
mination structure merely increases reversed current by 
8.8%. By contrast to 12.8% occurs in the conventional 
termination structure, the LOCOS combines with guard 

25 ring structure. The present invention gives significant 
improvement. In addition, it requires at least 4 photo 
masks by conventional manufacture processes com- 
pared to three masks only in the present invention (e.g., 
forming trench ( 1 st ), contact definition (2 nd ), and the sec- 

30 ond conductive layer etching to form anode (3 rd )). The 
present invention gives a simpler process. 
[0024] The second preferred embodiment using the 
termination structure according to the present invention 
is to form trench DMOS structure and termination struc- 

35 ture. 

[0025] Referring to FIG.6, for DMOS structure, the 
semiconductor substrate prepared is different from the 
case of forming Schottky diode but processes are quite 
similar. To forming DMOS and termination structure si- 

40 multaneously, firstly, a semiconductor substrate 200 
from the top to the bottom comprises a first layer 200A, 
a second layer 200B and a base substrate 200C. The 
first layer 200A and the second layer are formed on the 
base substrate 200C by epitaxial processes. 

45 [0026] The first layer 200A having a p-type conductive 
doped impurities as a base layer and then a doping layer 

203 with p-type conductive heavily doped impurities on 
the top portion of the first layer 200A. The second layer 
200B is with n-type conductive doped impurities, and the 

so third layer 200C with n-type conductive heavily doped 
impurities. Furthermore, a plurality of n+ regions are 
formed in the upper portion of the first layer 200A to cut 
p+ layer 203 to be as many n+ regions 204 and p+ region 

204 by ion implantation, as is shown in FIG.6. The thick- 
55 ness of the first and second layer 200A and 200B are 

0.5 um - 5.0 um and 3 um - 30 u.m, respectively. 
[0027] Thereafter, please refer to FIG. 7, as forging 
method described in the first preferred embodiment, a 
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plurality of the first trenches 210 and the second trench 
220 having a mesa 215 in between are formed firstly. 
The first trenches 210 are formed in the active region, 
through n+ regions 204. and the second trench 220 is 
formed in the region from the boundary of the active re- 
gion to an end of the semiconductor substrate 200 (or 
a die). 

[0028] Next, a high temperature oxidation process is 
performed to form a gate oxide layer 225 with a thick- 
ness of between about 1 50A to 3000A. Then, a conduc- 
tive layer 240 selected from first polysilicon or amor- 
phous silicon is refilled to the first trenches 210 and the 
second trench 220 and over mesa 21 5. An etching back 
step is then carried out to remove excess conductive 
layer 240 using gate oxide layer 225 on the surface of 
mesa 215A as a stopping layer. The gate oxide layer 
225 removal above mesa is then followed using the n+ 
region 204 and the p+ region 203 as a stopping layer. 
[0029] Subsequently, another thermal oxidation proc- 
ess is performed to form an inter-conductive oxide layer 
245 by oxidizing a portion of the first conductive layer 
240. Since the grain boundaries of the polysilicon can 
provide oxygen fast diffusion paths, the oxide layer 
formed by the polysilicon or amorphous silicon in the first 
trenches 210 and the second trench 220 are much thick- 
er than that on the semiconductor substrate, the mesa 
surface 21 5 A. 

[0030] Referring to FIG. 8 an etching back step is per- 
formed to remove thermal oxide layer 245 above sur- 
face of the first layer 200A, the n+ region 204 and p+ 
region 203. Worth to note, there is still a thermal oxide 
layer 245 on the spacer 240 of the second trench 220 
and on the cop surface of first conductive layer 240 after 
this step to provide isolation function. A TEOS oxide lay- 
er 250 is then formed on all areas. A photoresist pattern 
is then formed on TEOS oxide layer 250 of the first layer 
200A to define source contact regions. 
[0031] Referring to FIG. 9, before performing a sput- 
tering process, the unwanted layers formed on the back- 
side of semiconductor substrate (or say base substrate 
200C) are removed firstly. The unwanted layers in- 
cludes TEOS oxide layer 250, inter-conductive oxide 
layer 245, first conductive layer 240 and gate oxide layer 
225 on the surface of base substrate 200C, which are 
formed simultaneously while making the devices in the 
active region. 

[0032] Subsequently, a metal layer 260 deposition by 
sputtering is performed to form source contact on the 
first layer 200A and drain contact on the base substrate 
200C i.e. the backside of the semiconductor substrate. 
As before, the metal layer 260 formed on the active re- 
gion is still required to extend to the termination structure 
220 by a distance at least about 2.0 um so as to distant 
from the active region. To do this, a lithographic and an 
etching process are successively carried out as before. 
[0033] The third preferred embodiment using the ter- 
mination structure according to the present invention is 
to form trench IGBT structure and termination structure 



simultaneously. 

[0034] Referring to FIG. 10, for the trench MOS to be 
as the IGBT structure, the semiconductor substrate pre- 
pared is different from the case of forming Schottky di- 
5 ode but very similar to the semiconductor substrate us- 
ing for trench DMOS device. In addition, the process is 
almost the same as the processes of fabricating trench 
DMOS. To forming IGBT and termination structure si- 
multaneously, firstly, a semiconductor substrate 300 
10 prepared from the top to the bottom comprises a first 
layer 300A, a second layer 300B, a third layer 300C and 
a base substrate 300D. The first layer 300A, the second 
layer 300B, and third layers 300C, are formed on the 
base substrate 300D by epitaxial processes. 
15 [0035] The first layer 300A, 300B and 300C having 
doping type, and doping concentration similar to the 
semiconductor substrate shown in FIG.6. For example, 
first layer 300A is p-type base layer having upper portion 
n+ regions 304 and p + regions 303 in the upper portion 
20 of the p-base layer 302. The second layer 300B is a n- 
doping layer as a drift region and third layer 300C is a 
n+ layer 300B as a buffer layer. The base substrate 
300D is, however, a p-type conductive impurities heavily 
doped region. The thickness of the first and the second 
25 layer 300A and 300B are 0.5 \xm - 10.0 ^m and 3 u.m - 
100 |.im, respectively. 

[0036] Turning to FIG. 11, a plurality of the first trench- 
es 310 are formed through the n+-doped region 304. 
The bottom of the first trenches 310 comes down to be- 
30 low the layer of the p-type-doped layer 302. Further- 
more, the second trench 320 and first trench individual, 
each is spaced by a mesa 315 having 0.2 to 4.0 u.m. The 
second trench 320 is formed at the boundary of the ac- 
tive region and is extended to an edge of the semicon- 
35 ductor substrate. 

[0037] After an thermal oxidation process to form a 
gate oxide layer with a thickness of between 150A to 
3000A, a refilled process with the first conductive mate- 
rial 340 such as polysilicon or amorphous silicon layer 
40 is deposited on the first trenches 310 and the second 
trench 320. An etch back process is then performed us- 
ing gate oxide layer 325 on the surface of the mesa 31 5 
as a stopping layer so that only the first trenches 310 
and spacer in the second trench have the first conduc- 
es tive material 340. 

[0038] As the second embodiment depicted before, 
gate oxide layer 325 on the surface of the first layer is 
then removed and then another thermal oxidation proc- 
ess is carried out to form inter-conductive oxide layer 
so 345 for the conductive layer 340 and the metal layer 
(formed later) isolation. Thereafter, the thermal oxide 
345 above mesa surface 315A is removed but a portion 
of the thermal oxide layer, which is on the first conduc- 
tive layer in the first trenches 310 and the second trench 
55 320 are remaining as an inter-conductive oxide layer. 
[0039] Still referring to FIG. 11 , a TEOS dielectric lay- 
er 350 deposition on all areas and photoresist pattern 
coating are followed successively as before. Thereafter, 
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an etching process is implemented to expose the n+- 
doped region 204 arid the p+-doped region. 
[0040] FIG. 12 shows backside unwanted layers on 
base substrate are removed before metal sputtering. Af- 
ter the second conductive layer, generally, a metal layer 
is formed on a surface of base substrate 300D to form 
collector electrode. After successively lithographic and 
etching process, the emitter electrode is formed on the 
surface of 300A, which contacts the p+ region 303 and 
n+ region 304. One end of emitter electrode is located 
at a distance away from active region. 
[0041] The benefits of this invention are: 

(1) The depletion boundary is flat and the bending 
region of depletion boundary is far away from active 
region. Both the properties are able to prevent volt- 
age breakdown phenomena from occurring prema- 
turely. 

(2) The leakage current generated by the invention 
termination structure during reversed-biased is 
small than that of conventional LOCOS plus guard 
ring termination structures (8.8% vs. 12.8%). 

(3) The method for fabricating the trench MOS de- 
vice with termination structure is simpler than that 
of conventional methods. The invention termination 
structure requires less photo masks. 

[0042] As is understood by a person skilled in the art, 
the foregoing preferred embodiment of the present o in- 
vention is an illustration of the present invention rather 
than limiting thereon. It is intended to cover various mod- 
ifications and similar arrangements included within the 
spirit and scope of the appended claims, the scope of 
which should be accorded the broadest interpretation 
so as to encompass all such modifications and similar 
structure. 
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1. A termination structure for trench MOS devices, 
said termination structure comprising: 

a semiconductor substrate having a trench 
formed therein, said trench from a boundary of 
active region to an end of said semiconductor 
substrate, said trench MOS formed in said ac- 
tive region of said semiconductor substrate; 
a MOS gate as a spacer formed on a sidewall 
of said trench; 

a termination structure oxide layer formed in 
said trench to cover a portion of said spacer and 
to cover a bottom of said trench; and 
a first conductive layer, as a first electrode, 
formed on a bottom surface of said semicon- 
ductor substrate and a second conductive lay- 
er, as a second electrode, formed on an upper 
surface of said semiconductor substrate, where 
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said upper surface of said semiconductor sub- 
strate is from said active region through said 
spacer to a portion of said termination structure 
oxide layer. 

The termination structure of Claim 1, wherein said 
trench having a depth of between about 0.4-1 0 urn. 

The termination structure of Claims 1-2, wherein 
said MOS gate comprises a conductive layer 
formed on a gate oxide layer. 

The termination structure of Claims 1-2, wherein 
said trench MOS devices comprises power transis- 
tors. 

The termination structure of Claims 1-4, wherein 
said power transistors is selected from the group 
consisting of Schottky diodes, DMOSs, and IGBTs, 
depending on what said semiconductor substrate 
are provided and whether said MOS gate having an 
inter-conductive oxide layer to isolate said conduc- 
tive layer of said MOS gate from said second elec- 
trode. 

A termination structure for trench MOS device, said 
termination structure and said trench MOS device 
comprising: 

a semiconductor substrate having a first trench 
and a second trench formed therein; 
a first MOS gate formed in said first trench, and 
a second MOS gate as a spacer formed on a 
sidewall of said second trench; 
a termination structure oxide layer formed in 
said second trench to cover a portion of said 
spacer and to cover a bottom of said second 
trench; and 

a conductive layer formed on a bottom surface 
of said semiconductor substrate as a first elec- 
trode and on an upper surface of said semicon- 
ductor substrate so as to form a second elec- 
trode. 

The termination structure and trench MOS device 
of Claim 6, wherein said semiconductor substrate 
comprises a first layer and a base substrate, said 
first layer having a first kind of conductive impurities 
lightly doped and said base substrate having a first 
kind of conductive impurities heavily doped, said 
semiconductor substrate is for Schottky diode. 

8. The termination structure and trench MOS device 
of Claims 6-7, wherein said first trench and second 
trench are formed in said first layer and having a 
depth of between about 0.4-10 urn. 

9. The termination structure and trench MOS device 
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of Claims 6-8, wherein said first MOS gate and sec- 
ond MOS gate comprises a gate oxide layer on a 
bottom and a sidewall of said first trench and said 
second trench and a first conductive layer formed 
thereon so as to fill in said first trench and said sec- 
ond trench. 

10. The termination structure and trench MOS device 
of Claims 6-9, wherein said first trench is formed in 
an active region and said second trench is formed 
from a boundary of said active region to an end of 
said semiconductor substrate. 

11. The termination structure and trench MOS device 
of Claims 6-10, wherein said first conductive layer 
is a material selected from the group consisting of 
metal, polysilicon and amorphous silicon. 

12. The termination structure and trench MOS device 
of Claims 6-11, wherein said second electrode is 
formed to contact said active region, said spacer 
and cover a portion of said termination structure ox- 
ide layer so that a bending region of a depletion re- 
gion is distant from said boundary of said active re- 
gion by at least 2pm in distance. 
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13. The termination structure and trench MOS device 
of Claims 6-12, wherein said semiconductor from 
top to bottom layer comprising a first layer, a second 
layer, a third layer and a base substrate, said first 
layer having p-type conductive impurities heavily 
doped, said second layer having p-type conductive 
impurities lightly doped, said third layer having n- 
type conductive impurities lightly doped, said base 
substrate having n-type conductive impurities heav- 
ily doped, still a plurality of n-type conductive impu- 
rities heavily doped region formed in said first layer 
and in an upper portion of said second layer, said 
semiconductor substrate is for DMOS device. 

14. The termination structure and trench MOS device 
of Claims 6-1 3, wherein said first MOS gate has an 
inter-conductive oxide layer on a top to isolate said 
first conductive layer from said first electrode. 

15. The termination structure and trench MOS device 
of Claims 6-13, wherein said first layer plus said 
second layer, said third layer are, respectively, be- 
tween about 0.5um-5.0um and 3.0um-30.0um. 

16. The termination structure and trench MOS device 
of Claims 6-15, wherein said semiconductor from 
top to bottom layer comprising a first layer, a second 
layer, a third layer, a forth layer, and a base sub- 
strate, said first layer having p-type conductive im- 
purities heavily doped, said second layer having p- 
type conductive impurities lightly doped, said third 
layer having n-type conductive impurities lightly 
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50 



55 



doped, said forth layer having n-type conductive im- 
purities heavily doped, said base substrate having 
p-type conductive impurities heavily doped, still a 
plurality of n-type conductive impurities heavily 
doped region formed in said first layer and in an up- 
per portion of said second layer, said semiconduc- 
tor substrate is for IGBT device, still further, first 
MOS gate has an inter-conductive oxide layer on a 
top to isolate said first conductive layer from said 
first electrode. 

17. A termination structure for trench MOS devices, 
said termination structure and trench MOS devices 
comprising: 

a semiconductor substrate having a plurality of 
first trenches spaced each other and formed in 
an active region and having a second trench 
formed from a boundary of said active region to 
an end of said semiconductor substrate; 
a first-type MOS gate formed in each of said 
first trenches, and a second MOS gate as a 
spacer formed on a sidewall of said second 
trench; 

a termination structure oxide layer formed in 
said second trench to cover a portion of said 
spacer and to cover a bottom of said second 
trench; and 

a conductive layer formed on a bottom surface 
of said semiconductor substrate as a first elec- 
trode and formed on an upper surface as a sec- 
ond electrode, said second electrode formed 
on said active region and extendedly formed on 
said spacer and on a portion of said termination 
structure oxide layer so that a bending portion 
of said depletion region is distant from said 
boundary of said active region by at least 2jim. 

18. The termination structure and trench MOS devices 
of Claim 17, wherein said semiconductor substrate 
comprises a first layer and a base substrate, said 
first layer having a first kind of conductive impurities 
lightly doped and said base substrate having a first 
kind of conductive impurities heavily doped, said 
semiconductor substrate is for Schottky diode. 



19. The termination structure and trench MOS devices 
of Claims 17-18, wherein said first trenches and 
second trenches having a depth of between about 
0.4-10 Mm. 

20. The termination structure and trench MOS devices 
of Claims 17-19, wherein said first-type MOS gate 
and second MOS gate comprises a gate oxide layer 
on a bottom and a sidewall of said first trenches and 
said second trench and a first conductive layer 
formed thereon so as to fill in said first trenches and 
said second trench. 
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21. The termination structure and trench MOS devices 
of Claims 17-20, wherein said first conductive layer 
is a material selected from the group consisting of 
metal, polysilicon and amorphous silicon. 

22. The termination structure and trench MOS devices 
of Claims 17-21, wherein said second electrode is 
formed to contact said active region, said spacer 
and cover a portion of said termination structure ox- 
ide layer so that a bending region of a depletion re- 
gion is away from said active region. 
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